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Durhag the course of some experiments on thyroidectomized guinea 
pigs,  we  observed  that  the  surface  tension  of the  blood plasma was 
often  considerably  higher  than  that  of  normal  animals.  As  far  as 
we have been able to learn, no studies have been made of the relation 
of the  thyroid  gland  to  the  surface  tension of the blood.  The pres- 
ent  study  was  therefore  undertaken  to  investigate  this  question. 
Methods of Procedure. 
A number of guinea pigs were thyroidectomized under ether anesthesia and the 
wound  closed in layers with  linen  thread.  At various periods after operation, 
the animals were bled from the carotid artery through a cannula, into graduated 
centrifuge  tubes  containing  1  per  cent  sodium  oxaiate.  One  part  of  oxalate 
solution to nine parts of blood was used throughout  the entire series,  although 
a  few preliminary experiments showed  that, within reasonable limits, variations 
in  the  amount  of oxaiate did  not  appreciably alter  the  surface  tension.  The 
blood and oxaiate were thoroughly mixed by rapidly revolving the tube betweer:. 
the  two palms, and the plasma separated by rapid centrifugalization for about 
1 minute.  The plasma was always separated from the cells immediately after 
bleeding,  although a  few experiments showed  that allowing  it to remain in con- 
tact with the cells for several hours before separation did not appreciably alter 
the  results.  Immediately after  separation,  the  clear  supernatant  plasma was 
carefully  pipetted  into  watch-glasses  and  the  surface  tension  determined  by 
means of the du Notiy tensiometer. 
The preparation of the glassware constituted one of the most important parts 
of the work.  Every item of glassware used was boiled for 20 or 30 minutes in 
a  freshly prepared solution of potassium bichromate-sulfuric acid cleaning  fluid. 
Following  this,  it  was  carefully washed  and  dried,  care being  taken  to  avoid 
touching  with  the  fingers  any part  that  would  subsequently  come in  contact 
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with  the plasma.  Whenever any piece of glassware was  in  this  way  contam- 
inated  with  grease,  it  was  discarded.  In  most  instances,  the  glassware  was 
cleaned on the same day that it was to be used; occasionally it was cleaned on the 
preceding day and wrapped in several layers of clean towels until ready for use. 
Another  feature  of  considerable importance  is  the  size  of  the  watch-glass, 
and the amount of plasma used, especially when an interval of time is allowed 
to elapse between the pouring of the plasma and the determination of its sur- 
face tension.  Du  Noiiy  1 has shown  that  adsorption of the surface-active con- 
stituents of serum occurs on the glass as well as at the surface of the fluid.  In 
these  experiments,  the  same size watch-glasses have  always been used for  the 
plasma from  the operated animal  and  its corresponding normal control.  The 
watch-glasses which  we  employed had  a  diameter  of 4.6  cm.  and  were  filled 
with 2 cc. of plasma. 
The tensiometer which we used was not the direct reading type, but was stand- 
ardized to give the results in  dynes  according to  the  method  described by du 
Noiiy3  The readings were always made by the same person and  the greatest 
care was taken to eliminate any personal factor.  The rate at which torsion was 
applied was  kept  as  nearly  constant  as  possible.  It  was  found  necessary  to 
watch  the loop closely and  to  apply the  torsion very gradually during the in- 
terval just preceding the "break."  If this caution is not observed, torsion can 
be applied in excess of the amount causing the break, and the reading be falsely 
elevated.  A  large series of duplicate determinations on  the same specimens of 
distilled water  showed  that  in  our hands  the  method  would  ordinarily check 
to within  4-0.1 or 0.3  dyne, and that the maximum variation encountered was 
4-0.7  dyne. 
Theoretically, the most ideal procedure would have been to study the surface 
tension before, and at various periods after, thyroidectomy on the same anfinal. 
However,  when  small animals are used  (guinea pigs or rabbits),  several prac- 
tical  difficulties make  this  inadvisable.  We  believe that  arterial  blood  from 
the  same  source  should  always be  used.  This  is  important  since  it  is  theo. 
reticaUy possible that venous blood, under certain conditions, may have  a  dif- 
ferent surface  tension from  arterial.  Likewise,  venous  blood,  from  different, 
or even the same source, may show  fluctuations in surface  tension, depending 
upon  the  state  of  activity  of  certain  organs.  Because  of  these  considera- 
tions,  blood was never  obtained  from  the  heart,  since  it is often  difficult to 
be sure of obtaining arterial blood.  These difficulties could have been overcome 
by using larger animals, such as dogs.  In these animals, however, the common 
presence of accessory thyroid tissue scattered throughout  the body makes total 
thyroidectomy almost  impossible. 
In order to eliminate, or equalize, the effect of all external factors which may 
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influence  surface  tension  at  liquid-air  interfaces  (temperature,  atmospheric 
pressure,  humidity,  etc.)  the  plasma  from  each  operated  animal  was  always 
checked with  that  of a  normal animal,  done at  approximately the  same  time, 
and under identical  conditions.  The temperature  at which each pair of deter- 
minations was made usually did not vary more than  -4- 0.5°C.  Since  the ex- 
ternal  conditions varied from day to day, comparisons,  in the strict  sense,  are 
limited  to each pair; i.e.,  the operated and its  corresponding normal control. 
The studies  of du  NoiiyS,  4 have  brought out  an  important  factor which,  in 
the  past,  has  received very little  attention;  namely,  the  so  called  time-drop. 
He has shown that if serum is allowed to stand,  there is a  progressive drop of 
the  surface  tension,  which  is  in  direct  relation  to  the  time.  Using undiluted 
serum, du Noiiy  s showed that this drop is very rapid during the first few minutes 
after pouring.  Curves plotting the drop in dynes against  the  time  are nearly 
vertical during the first 8 or 10 minutes,  after which they become nearly hori- 
zontal,  a  slight  fall,  however,  occurring for 2  hours  or longer.  Since  the  fall 
during the first few minutes is so extremely rapid, we believe that more constant 
results could be obtained by pipetting the plasma into watch-glasses, stirring, and 
then allowing a definite interval of time (20 minutes)  to elapse before determin- 
ing the surface tension.  More recently, du NoiiyS, r has shown that the injec- 
tion of an antigenic substance will cause an increase in the value of the time- 
drop, which becomes evident after about  13 days.  In addition, his results also 
show  that  the  value  of the  initial  reading  is  frequently,  although  irregularly, 
elevated  (smallpox  vaccination). 7  In  our  experiments,  the  operated  animals 
had  considerable  opportunity  to absorb  antigenic  and  other  substances  which 
might  increase  the  time-drop  (slight  infection  after  operation,  autodigestion, 
and absorption of injured tissue, etc.).  The normal controls were not subjected 
to these possibilities.  It is possible that  these factors might tend  to make the 
determinations done after a 20 minute interval lower in the operated  than in the 
control animals.  In view of these considerations, the finding of a higher surface 
tension in our operated animals would be of added significance.  After doing a 
large series in which the surface tension was determined after a  20 minute in- 
terval, it was deemed advisable to do a  second series  in which the initial and 20 
minute values were both determined. 
In dealing with colloidal solution, only a  single determination of surface ten- 
sion  can be  made.  When the  du Noiiy tensiometer  is  used on colloidal solu- 
tions,  it is not possible to make accurate duplicate determinations  on the same 
specimen.  If an  interval  of time  (20  minutes)  is  allowed  for  the  solution  to 
3 du Noiiy, P. L., J. Exp. Med.,  1922, xxxv,  707. 
4 du Notiy, P. L., J..Exp.  Med.,  1922, xxxv, 575. 
5 du Noiiy, P. L., J..Exp.  Med.,  1925, xli,  779. 
s du Notiy, P. L., J..Exp.  Med.,  1923, xxxviii,  87. 
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come to equilibrium  the  determination  tears the  surface film and  disturbs  the 
surface molecular orientation, so that a second reading made immediately after- 
ward will have a higher or lower value--usually higher.  If the reading is made 
immediately after the plasma has been poured, the time-drop is too rapid to per- 
mit  of  a  second  check  determination.  Whenever  a  20  minute  interval  was 
allowed for equilibrium to be established  , the solution was covered with a second 
watch-glass  to  prevent  contamination. 
Before considering  the experimental data, it is necessary to say a  few words 
about certain difficulties  of the operation.  The two lateral lobes of the thyroid 
are usually well encapsulated and sharply defined,  so that their total removal is 
fairly easy.  The isthmus, however, presents a different problem.  In the guinea 
pig,  the isthmus may be found as a thin, narrow, ribbon-like structure lying over 
the trachea, or in the form (ff multiple fine filaments connecting the two lobes. 
In either case, it is difficult to be certain that it has been totally removed; and if 
the area is too thoroughly denuded of all suspicious  tissue,  the parathyroids are 
apt  to  be  included.  Following  total  thyroidectomy,  the  animals  gain  weight 
rapidly and soon present a puffy, bloated, phlegmatic appearance, which  is very 
characteristic.  It was a  rather common observation that animals which  failed 
to develop this syndrome did not show  elevation of the surface tension of the 
plasma. 
EXPERIMENTAL  DATA. 
The  total  series  reported  here  consists  of 41  normal  controls  and 
42  thyroidectomized  animals.  Only  male  pigs  were  used  and  the 
average weight was from 300 to 420 gm. 
We  will  consider  first  those  experiments  in  which,  before  deter- 
mining  the  surface  tension,  a  20  minute  time  interval  was  allowed 
to elapse after the plasma had been pipetted  into  the  watch-glasses. 
A  brief r6sum6 of the  results on normal animals will be given before 
a  detailed  analysis  is  undertaken.  Out  of  the  41  normal  control 
plasmas,  regardless of temperature, only  one  has  a  value  as  high  as 
58.6  dynes.  Two  others  have  values  of  56.1  and  56.5  dynes  re- 
spectively.  The  remaining  38  have  values  ranging  between  49.4 
and 55.4  dynes,  the  majority  being between 52 and  55  dynes.  The 
average value of the  41  controls is 53.2  dynes.  On  the  other hand, 
the  average  value  for  37  operated  animals,  tested  18  to  120  days 
after operation, is 57.3  dynes. 
Table  I  gives  the  values obtained  for  31  normal  and  32  operated 
animals,  roughly  divided  into  four  groups  according  to  the  tem- 
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TABLE  I. 
Surface  Tension  of Normal and Operated Animals, Determine~ after a 20 Minute 
Period, Divided into Four Groups Depending on the Temperatures at Which 
the Determinations Were Made. 
Temperature. 
°C. 
22-22.5 
25-26.5 
27-31 
32-37 
Normal. 
Surface  Average. 
tendon. 
dynes  dynes 
53.7 
53.4  53.5 
51.3 
55.0 
54.9 
55.0 
50.4 
52.4 
55.4 
53.1 
53.4 
52.6 
54.4  53.4 
54.1 
54.3 
54.3 
52.8 
52.0 
56.5 
52.2 
52.4 
53.9 
53.4 
53.3 
53.4 
55.0  53.6 
50.0 
50.9 
50.6 
50.1 
50.7  50.4 
Operated. 
Surface 
tension.  Average. 
dynes  dynes 
58.7 
59.8  59.2 
59.5 
58.7 
60.2 
56.5 
53.7 
53.7 
58.0 
59.5 
60.4 
61.6 
55.8 
55.4  57.7 
58.6 
58.6 
60.8 
59.4 
53.5 
59.5 
61.1 
53.6 
60.6 
59.5 
57.7 
60.2 
61.6  58.8 
53.0 
52.1 
55.0 
51.4 
51.2  52.5 
Average 
difference. 
gyn~ 
+5.7 
+4.3 
+5.2 
+2.1 
Days. 
26 
26 
22 
22 
22 
24 
24 
24 
28 
28 
28 
30 
30 
30 
24 
24 
24 
27 
27 
27 
120 
120 
121 
36 
30 
31 
31 
37 
37 
31 
31 
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that the average values for the normal plasmas are practically the 
same at  temperatures ranging from 22-31°C.;  while at higher tem- 
peratures (32-37°C.) the average value is considerably lower.  Com- 
paring Columns 3 and 5, it is seen that the average surface tension 
of the plasma from operated animals is considerably higher than the 
average value for the corresponding controls, but that the difference 
is  considerably less  marked in  the  last  group,  which was  done  at 
relatively high temperatures  (32-37°C.).  Since the  average  values 
for  the normal plasmas  are  practically identical,  in  the  first  three 
groups, these may be analyzed together.  In these twenty-six normal 
animals, the surface tension of the plasma from twenty-four is below 
55.4 dynes, the remaining two are 56.5  and 55.4 dynes respectively. 
In twenty-seven  corresponding plasmas from operated animals, twenty- 
three have a value of 55.4 dynes or above; the four which are below 
this figure have values well within  normal limits  (53.7  (two), 53.5, 
53.6).  In these four animals the determinations were made 24, 27, 
and  120  days  after thyroidectomy.  The  failure  of these  four ani- 
mals to show the customary elevation of the surface tension may be 
attributed to at least three possible causes:  (1)  incomplete thyroid- 
ectomy,  (2)  the  presence  of  accessory  thyroid tissue,  (3)  compen- 
satory activity on the part of other organs.  The first of these pos- 
sibilities  appears  the  most plausible,  but  the  others  cannot be  de- 
finitely eliminated by the data presented here.  The determinations 
on the operated animals were made at  periods ranging from 22  to 
121  days  after  thyroidectomy,  and  it  is  seen  that  between  these 
periods the elevation is not in  direct relation to the time element; 
for example, the highest value obtained, 61.6  dynes, occurred in an 
animal  31  days  after operation, while values above 60  dynes were 
obtained in 22 and 24 day animals. 
In the lower half of Chart  1, the first three groups from Table I 
(22-31°C.)  have been plotted with the surface  tension in  dynes as 
ordinates.  Each  normal control is  plotted directly below the  cor- 
responding operated animal.  In general, the curves are  fairly well 
separated  and  it  is  seen  that  neither  curve  overlaps  the  average 
value for the other.  In the upper part of the chart,  the difference 
between  the  surface  tension of  each  operated plasma  and  its  cor- 
responding control is plotted directly above the corresponding points C.  "M. WILIYELMJ AND  MOYER  S.  FLEISItVER  185 
in  the  lower  curve.  This  curve  shows that  the  surface  tension  of 
the plasma from the operated animals is higher ill every instance, and 
that  the differences range  from  1 to 9 dynes, with an average of 4.8 
dynes. 
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CHART 1. 
Lower Half. 
..........................  Operated  animals. 
Normal controls. 
All readings were  made after the plasma  had  been #petted  into the watch- 
#asses  and  gently  stirred.  Superimposed points  on  the  two  curves  represent 
the values obtained after a 20 minute interval had elapsed, for the operated animals 
and their corresponding normal controls, done at the same time and under iden- 
tical conditions.  The  horizontal  line  passing  through  each  curve  represents 
the  average value. 
Upper Half. 
Each point on this curve represents  the difference between the corresponding 
normal and operated animals in the lower curves.  The horizontal line passing 
through this curve shows the average difference. 
If  this  change  in  the  surface tension  of the  plasma  is  due  to  re- 
moval of the thyroid,  then it should be possible to demonstrate that 
the elevation occurs more or less gradually following thyroidectomy. TABLE  II. 
Surface  Tension  of Normal  and  Operated  Animals,  after  a  20  Minute  Interval, 
Showing the Gradual Elevation after Operation. 
Temperature. 
25.5-26 
25.5 
24-24.5 
30 
26 
25 
29 
22 
26 
25 
27 
28 
Normal. 
Surface  Average.  tension. 
dynes  dynes 
52.8 
54.9 
52.0  53.2 
50.8 
53.5  52.1 
54.6 
58.6 
56.1  56.4 
49.4 
54.3  51.8 
51.3 
55.0 
54.9  53.7 
55.0 
50.4  52.7 
54.1 
54.3 
54.3  54.2 
53.7 
53.4  53.5 
52.4 
55.4 
53.1  53.6 
53.4 
52.6 
54.4  53.4 
53.4 
55.0  54.2 
52.2 
52.4 
53.9  52.8 
Operated. 
Surface  tension.  Average. 
dynes 
50.5 
54.3 
54.9 
54.3 
53.0 
60.2 
53.1 
54.3 
54.6 
58.4 
59.5 
58.7 
60.2 
-56,5" 
53.7 
53.7 
58.6 
58.6 
60.8 
58.7 
59.8 
58.0 
59.5 
60.4 
61.6 
55.8 
55.4 
60.2 
61.6 
61.1 
53.6 
60.6 
Average 
difference. 
dynes  dynes 
53.2  0 
53.6  +1.5 
55.8  --0.6 
56.5  +4.7 
59.4  +5.7 
[54.6]  [+1.9] 
59.3  +5.1 
59.2  +5.7 
59.3  +5.7 
57.6  +4.2 
60.9  +6.7 
58.4  +5.6 
Days. 
13 
13 
18 
18 
18 
19 
19 
22 
22 
22 
"24- 
24 
_24 
24 
24 
24 
26 
26 
28 
28 
28 
30 
30 
30 
31 
31 
120 
120 
121 
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Manipulation  of  the  gland  during  the  operation  probably  causes 
an excess of the secretion to enter the circulation.  It is known that 
a single dose of thyroxin exerts a prolonged action extending over a 
period of  15  days or more.  From  these  considerations, we  would 
anticipate that the elevation of the surface tension would be gradual 
and would not reach its height until 15 days or more after operation. 
Table  II  shows  a  series  of  operated  a~imals,  with  corresponding 
controls, in which the surface tension was determined at increasing 
intervals  of  time  after  operation.  The  averages  for  the  separate 
groups of operated animals are shown in Column 5.  The sustained 
elevation after about the 19th day is broken by one 24 day group, 
in which the values for two of the operated animals are within nor- 
mal  limits.  Column  6  gives  the  average  difference between  the 
Corresponding  groups of operated and normal animals.  It happens 
that the two highest normal values obtained are in tl~e same group, 
i.e.  controls for the 18  day period, so that here the average for the 
operated animals is less  than that of the controls.  The values ob- 
tained  are  given  without  any  selection  or  rearrangement,  and  it 
may be considered as a coincidence that the averages for the normal 
and operated, at the 6 day period, are identical; it is seen, however, 
that all of the operated animals in this 6 day group are within normal 
limits.  In  the  13  day group,  both  operated  animals  are  likewise 
within normal limits.  The  18  day group  shows  one  out  of three 
which is above the normal, and the 19th day group one out of two. 
After the 19th day, with the exception of the first 24 day group, the 
great majority of the operated animals have values which are above 
the normal figure.  In the lower half of Chart 2, the average values 
for corresponding groups of normal and operated animals are plotted 
with the surface tension in  dynes as  ordinates and  the  days after 
operation as abscissae.  The gradual rise of the curve for the operated 
animals is clearly evident.  The one 24 day group which is referred 
to above has not been included in the chart.  The distortion of the 
normal curve at  the  18  day  period  is  due,  as  has  been explained 
above, to the fact that the two highest values which were obtained 
among  the  41  normal  animals,  occur  in  this  group.  The  upper 
half of Chart 2 shows  the average difference, in dynes, between the 
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From these  results,  it  appears  that  the  rise in  the  surface tension 
of  the  plasma  after  thyroidectomy  is  gradua],  and  that  it  requires 
about 22  days for the  value to  rise definitely above the  upper limits 
of normal. 
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Lower Half. 
............................ Operated animals. 
Normal animals. 
The two curves give the average values for groups of operated animals and 
corresponding  controls.  The  curves  show  that  the  elevation  of  the  surface 
tension after thyroidectomy is gradual, and  that it requires from 19 to 22 days 
to pass beyond the upper range of normal.  The determinations were made after 
a 20 minute interval had been allowed for equilibrium to be established. 
Upper Half. 
The difference between corresponding  groups of normal and operated  animals 
in  the  lower curves. 
After  the  above  experiments  had  been  completed,  the  question 
arose  as  to  whether  we  were  dealing  with  a  true  elevation  of  the C. M. WILHEL~[I AND  A¢OYER S. FLEISHER  189 
surface tension or with a  difference in the time-drop.  It is possible 
that the initial value of the surface tension is the same in the plasma 
from normal and operated animals, but that the time-drop is greater 
in the normal.  In this case, the values obtained after a  20 minute 
interval would show a  difference which would not be present in the 
initial  values.  Table  III  shows the results  obtained  with  eighteen 
TABLE  III. 
Surface  Tension  of Normal and  Operated Animals,  Showing  the Initial and 20 
Minute Values, and the Differences in the Time-Drop. 
Normal.  Operated.  Differ-  Differ- 
Temperature.  ence in  ence  in  Days. 
Time-  Initial.  20 rain.  Time-  initial.  20 rain.  Initial.  20 rain.  drop.  drop. 
°C.  dynes  dynes  dynes  dynes  dy~-.s  dynes  dynes  dynes 
29  56.9  52.8  4.1  59.5  59.4  0.1  +2.6  +6.6  27 
31  54.4  52.0  2,4  58.0  53.5  4.5  +3.6  +1.5  27 
31  58.0  56.5  1.5  61.0  59.5  1.5  +3.0  +3.0  27 
25  58.0  53.4  4.6  61.7  61.6  0.1  +3.7  +8.2  30 
25  58.0  52.6  5.4  58.9  55.8  3.1  +0.9  +3.2  30 
25  59.0  54.4  4.6  60.1  55.4  4.7  +1.1  +1.1  30 
27  56.0  52.2  3.8  63.9  61.1  2.8  +7.9  +8.9  120 
28  59.5  52.4  7.1  61.1  53.6  7.5  +1.6  +1.2  120 
28  60.2  53.9  6.3  61.7  60.6  1.1  +1.5  +6.7  121 
28  60.6  53.4  7.2  62.4  59.5  2.9  +1.8  +6.1  36 
30  58.4  53.3  5.1  60.6  57.7  2.9  +2.2  +4.4  30 
27  63.6  53.4  10.2  61.2  60.2  1.0  --2.4  +6.8  31 
28  61.7  55.0  6.7  63.4  61.6  1.8  +1.7  +6.6  31 
32  52.0  50.0  2.0  58.2  53.0  5.2  +6.2  +3.C  37 
33  54.5  50.9  3.6  59.5  52.1  7.4  +5.0  +1.2  37 
35  58.3  50.6  7.7  60.4  55.0  5.4  ~2.1  +4.4  31 
36  55.6  50.1  5.5  59.6  51.4  8.2  +4.0  +1.3  31 
37  58.7  50.7  8.0  57.4  51.2  6.2  --1.3  +0.5  37 
Average..  57.9  52.6  5.3  60.4  56.7  3.7  +2.5  +4.1 
operated and eighteen normal animals, in which both the initial and 
20  minute  values  were  obtained.  Here  it  is  seen  that  the  initial 
surface tension of the plasma from operated animals is higher than 
that of the corresponding normals in all but two instances.  In one 
of these exceptions, the initial value of the control is so very much 
above the average value, that it is questionable whether the animal 
should be considered as normal.  If these two exceptions are omitted 190  SUR]~ACE  TENSION  0F BLOOD  PLASMA.  I 
the  average  initial  difference between  the  normal  and  operated  is 
+3  dynes, while ii they are included the average difference is  +2.5 
dynes.  The  average  initial  value  for  the  operated  animals is  60.4 
dynes and for the  controls is  57.9  dynes.  Values  obtained  after a 
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Lower Half. 
............................... Operated animals. 
Normal animals. 
The readings given here were made immediately after  the plasma had been 
pipetted  into  watch-glasses and  gently  stirred.  Superimposed points  on  the 
two curves represent the values obtained for the operated animals and normal 
controls done at  the  same time.  The  horizontal lines passing through  each 
curve represent the average value. 
Upper  Half. 
The difference between each operated animal and its  corresponding normal 
control.  The solid horizontal line represents the average difference. 
20  minute interval give an  average of 56.7  dynes for the  operated 
and 52.6  for the normal. 
In  general,  the  time-drop  (difference between  the  initial  and  20 
minute determinations)  is  less  in  the  operated  than in  the  normal C.  M.  WILHELMJ  AND  MOYER  S.  leLEISHER  191 
animals.  The average  drop is  3.7  dynes for  the  operated and 5.3 
dynes for the normal.  In a  few instances, readings were also made 
after  a  2  hour  interval  and  essentially  the  same  differences  were 
observed. 
From these results, it appears that the surface tension of plasma 
from operated animals is higher at  both the initial and 20 minute 
periods.  The  greater  time-drop in  normal plasma  causes  the  dif- 
ference to be more marked in the 20 minute readings.  In the lower 
part of Chart 3, the initial values for the operated and corresponding 
controls have been plotted with the surface tension in dynes as or- 
dinates.  It  must  be  emphasized  again  that  the  real  comparison 
is to be made between each normal and the operated animal deter- 
mined at  the  same time.  In  general,  the  fluctuations of the  two 
curves  coincide  fairly  well.  The  differences  between  each  corres- 
sponding pair have been plotted in the upper half of the chart. 
DISCUSSION. 
The  data  presented here  seem to  establish  that  there  is  a  true 
elevation of the surface tension of the blood plasma of guinea pigs 
following thyroidectomy, but do not explain the mechanism of this 
change.  We  suggest the following theory as a  working hypothesis. 
The blood of normal animals contains one or  several surface-active 
substances whose origin is dependent, at least in part, upon the pres- 
ence of a normal amount of thyroid hormone.  In thyroidectomized 
animals this substance, or  group  of  substances, becomes  decreased 
in amount, so that there is an elevation of the surface tension.  The 
presence  of  this  hypothetical, surface-active  constituent in  normal 
blood may be  related to  the  function of the  thyroid gland,  either 
directly or indirectly.  In the first instance, it  may originate, pre- 
formed, within the thyroid gland and enter the blood directly, or it 
may  be  produced  from  certain  elements  of  the thyroid secretion 
after they have left the gland and have entered the general circula- 
tion.  The second possibility, which we consider more likely, would 
postulate that this substance, or group of substances, is formed by a 
few or all of the living cells of the body during the course of their 
normal metabolism.  Following thyroidectomy, the  metabolic  rate 192  SURFACE  TENSION  OF BLOOD  PLASMA.  I 
is greatly diminished, and less of this surface-active element is pro- 
duced. 
By assuming that the plasma from operated animals contains less 
of certain  surface-active elements than normal plasma, we are able 
to  explain  the  probable  mechanism  of  two  rather  closely  related 
observations.  First,  that  the time-drop  is greater in  plasma from 
normal controls than in plasma from operated animals; and second, 
that the difference in the surface tension of the plasma from normal 
and  operated  animals  is  more  marked  after  a  20  minute interval 
has  been  allowed to  elapse  than  when the  determination is  made 
immediately after pouring the plasma  (Table  III).  Surface-active 
substances bring about a  lowering of the surface  tension when ad- 
sorbed into the surface layer.  It is quite evident that the amount 
adsorbed is  at first directly proportional to  the time element, thus 
accounting for  the  time-drop phenomenon.  Within  certain  limits, 
however, the amount of the surface-active substance present in the 
plasma  would  also  play  an  important  r61e.  If  the  quantity  was 
reduced below a  certain minimum, it  would still  be  adsorbed into 
the surface, but the total quantity present in the surface might then 
be insufficient to form a  complete film, so that at equilibrium (after 
20 minutes) the surface tension would be higher than when a  larger 
amount  is  present. 
The first step toward a  final solution of this problem would be to 
ascertain whether or not it is possible to  lower  the surface tension 
by feeding thyroid ~xtmct or thyroxin, and whether a  soluble sub- 
stance which exhibits  all of the physiological activity of the whole 
gland extract (,thyroxin) is itself surface-active in blood plasma.  These 
phases of the present problem will be dealt with in another paper. 
SUMMARY. 
I.  Following thyroidectomy in guinea pigs, there is a  gradual ele- 
vation of the surface tension of the blood plasma which reaches its 
height  in  from  19  to  22  days  after  operation.  This  elevation  is 
probably permanent, since we have found it to persist for as long as 
120  days. 
2.  In our experiments, we found a  few thyroidectomized  animals 
in which the surface tension of the plasma was still within normal C.  M. WILtIELMJ  AND  MOYER  S.  FLEIStIER  193 
limits  24  and  120  days  after  operation.  We  suggest  that  these 
exceptions  are  due  to  three  possible  factors:  (1)  incomplete thy- 
roidectomy;  (2)  presence of  accessory thyroid  tissue;  (3)  compen- 
satory activity on the part of other organs. 
3.  The  surface  tension  of  the  plasma  from  operated  animals  is 
higher than  that  from  controls  in  both  the  initial  and  20  minute 
determinations, but the difference is greater at the 20 minute period. 
4.  The  time-drop  (difference between the  initial  and  20  minute 
determinations) is somewhat greater in the plasma from normal than 
in that from operated animals. 
5.  It is suggested that these changes are due to a  decrease in the 
amount of certain normally occurring surface-active substances, the 
production  of  which is  directly  or  indirectly dependent  upon  the 
thyroid gland. 